Background--We aimed to examine the comparative effectiveness and safety between dabigatran and rivaroxaban in atrial fibrillation patients.
A trial fibrillation (AF) is a common cardiac arrhythmia that increases in prevalence with aging. Nonvalvular AF is associated with a 5-fold risk of ischemic stroke and a 3-fold incidence of congestive heart failure. 1 It is well established that vitamin K antagonist therapy confers thromboprophylaxis in patients with AF. Adjusted dose warfarin can reduce the risk of ischemic stroke by about 60%. 2 Despite the evidence for the efficacy of warfarin, many physicians are reluctant to prescribe warfarin therapy for patients with AF due to fears of bleeding complications and logistic problems of prothrombin time international normalized ratio monitoring. 2 Several non-vitamin K antagonist oral anticoagulants (NOACs) have been developed for thromboprophylaxis of AF. Dabigatran is the first NOAC approved by the US Food and Drug Administration (October 19, 2010) for prevention of ischemic stroke and systemic embolism in patients with nonvalvular AF and is a direct thrombin inhibitor. 3 Rivaroxaban, a direct factor Xa inhibitor, is the second NOAC approved by the US Food and Drug Administration (November 4, 2011) for reduction of risk of stroke and systemic embolism in patients with nonvalvular AF. 3 Both dabigatran and rivaroxaban have been shown to be at least not inferior to warfarin concerning efficacy in prevention of stroke and systemic embolism with a significantly lower risk of intracranial hemorrhage in large-scale randomized controlled trials. 4, 5 However, a head-to-head comparison between dabigatran and rivaroxaban has never been conducted with large-scale clinical trials. The aim of this study was to provide real-world data concerning the comparative effectiveness and clinical safety of dabigatran and rivaroxaban using a retrospective cohort study design based on claims data from the National Health Insurance (NHI) program in Taiwan.
Methods Data Sources
Taiwan has provided compulsory universal NHI coverage for all citizens since 1995 via a single-payer health insurance system. Patient identification number, sex, birthday, dates of outpatient clinic visits, dates of hospital admission and discharge, diagnoses associated with claims, procedures administered, dates of pharmacy dispensing, and drugs dispensed are available in the NHI claims database. Diagnoses are coded according to the International Classification of Diseases Ninth Revision Clinical Modification (ICD-9-CM) system. The Taiwan NHI Administration routinely carries out audits for inappropriate use of drugs or procedures by healthcare institutions, and inappropriate use of drugs or procedures would result in serious penalty. The overall accuracy of diabetes mellitus diagnosis in the Taiwan NHI claims database is 74.6%. 6 The diagnosis of acute ischemic stroke in the Taiwan NHI claims database has a positive predictive value of 88.4%. 7, 8 The diagnosis of acute myocardial infarction has a positive predictive value of 88%, and the positive predictive values for percutaneous coronary intervention, coronary stenting, and antiplatelet prescription in the Taiwan NHI inpatient claims database are 98%, 99%, and 98%, respectively. 9 The patients' records can be linked to the Taiwan National Death Registry by patients' identification numbers to obtain the date and cause of death. 10 To comply with Taiwanese privacy regulations, all personal identifiers are encrypted, and all data have to be analyzed anonymously. As a result, the Taiwan NHI claims database has been accepted as an important resource for clinical investigation. 11, 12 This study protocol was approved by the Institutional Review Board of the National Taiwan University Hospital Hsin-Chu Branch (protocol number 104-009-E), which waived requirement for informed consent. Figure 1 ).
Study Design and Cohort Definition

Exposures
In our preliminary results, 86% of patients in the dabigatran group received 110 mg; 75% of patients in the rivaroxaban group received 15 mg, 21% received 20 mg, and 4% received 10 mg. Therefore, patients receiving different doses of the same study medication (110 and 150 mg for dabigatran; 10, 15, and 20 mg for rivaroxaban) were pooled into 1 study group for their respective drugs.
Clinical Outcomes
The primary outcome of interest was all-cause death. Secondary outcomes included ischemic stroke (ICD-9-CM codes 433.x1, 434.x1, 435.9, 436, 437.1x, 437.9x), acute myocardial infarction (ICD-9-CM codes 410.x), arterial embolism/thrombosis (ICD-9-CM codes 444. 
Follow-Up
Patients were classified as dabigatran group or rivaroxaban group according to their initial prescription of study medications. All the clinical outcomes were evaluated from the inpatient records of the NHI claims database. All patients were followed from their index date until death, switching to other oral anticoagulants, discontinuation of study medications (30-day treatment gap), or the end of the study at December 31, 2014, whichever came first.
Baseline Characteristics and Potential Confounders
We defined comorbidities as appearance of the specific diagnosis codes at least twice in the outpatient records or once in the inpatient records within the 6-month period prior to the index date and coded as binary variables. Comorbidities were evaluated according to Elixhauser comorbidities analysis. Medications that had ever been prescribed within the 6-month period prior to the index date were extracted from the NHI claims database. The list of medications included warfarin, aspirin, clopidogrel, ticlopidine, dipyridamole, digoxin, amiodarone, dronedarone, b-blockers, verapamil, diltiazem, dihydropyridine calcium-channel blockers, angiotensin-converting enzyme inhibitors, angiotensin receptor blockers, loop diuretics, thiazide diuretics, spironolactone, statins, oral antidiabetic drugs, insulin, proton-pump inhibitors, H 2 blockers, and nonsteroidal anti-inflammatory drugs. We also calculated the total number of physician visits and total number of hospitalizations within the 6-month period prior to the index date for each study subject. Finally, CHADS 2 score 14 and CHA 2 DS 2 -VASc score 15 were evaluated according to baseline characteristics. In addition to sex and age, all the baseline characteristics mentioned above were included as potential confounders for further analysis (Table 1) .
Statistical Analysis
Categorical data are presented in contingency tables, and continuous variables are presented as mean values with standard deviations or medians with interquartile ranges. With the v 2 test used for categorical variables and the 2-sample t test for normally distributed continuous variables, the baseline characteristics between the dabigatran group and the rivaroxaban group in the overall population were compared. We also used standardized difference to measure covariate balance, whereby an absolute standardized difference greater than 0.10 represents meaningful imbalance. 16 A propensity score (PS) was derived using logistic regression to model the probability of receipt of rivaroxaban (or dabigatran) as a function of all the potential confounders listed in Table 1 (age was incorporated as categorical data) ( Figure 2) . 17 Based on the PS, rivaroxaban users were matched to dabigatran users according to caliper measurements of <0.2 standard deviations of the logit of the PS at a 1:1 ratio to create a PS-matched population. The balance in baseline characteristics between the dabigatran group and the rivaroxaban group in the PS-matched population was assessed by the Mantel-Haenszel test for categorical variables and the paired t test for normally distributed continuous variables. Incidence rates of various clinical outcomes are presented as cases per 100 person-years among the overall population and the PS-matched population, respectively. To account for the correlated nature of the survival data in the PS-matched population, the marginal proportional hazards model developed by Lee et al 18 was applied for estimation of the relative risks (hazard ratios, [HRs]) of various clinical outcomes between the dabigatran group and the rivaroxaban group among the PS-matched population as the primary analysis. Switching to other oral anticoagulants, discontinuation of study medications, or end of follow-up were treated as censoring. When we explored the relative hazards concerning clinical outcomes other than all-cause death, we treated death as a competing risk instead of as a censoring event. 19 The cumulative incidences for various clinical outcomes among the PS-matched population were plotted using the Fine and Gray subdistribution method to estimate cumulative incidence function. 19 To examine the robustness of the results of the primary analysis, we used the proportional hazards model with adjustment of the quintiles of the PS among the overall population 20 as the secondary analysis. To explore the homogeneity of relative hazards of clinical outcomes between 2 study medications among patients with different background characteristics, 2 subgroup analyses stratified by previous experience of warfarin exposure and low (<3)/high (≥3) CHA 2 DS 2 -VASc score 21 were conducted, with PSmatched analysis performed within each subgroup separately. P value for interaction was assessed by addition of an interaction term between the NOAC group and stratifying factors into the proportional hazards model of the secondary analysis.
All analysis was performed using SAS software, version 9.4 (SAS Institute, Inc, Cary, NC). All P values reported are 2-sided, and the significance level was set at <0.05.
Results
Characteristics of Study Subjects in the Overall Population
A total of 15 234 subjects were included in our study with 10 625 incident users of dabigatran and 4609 incident users of rivaroxaban. The mean age was 75.2AE9.7 years (median 76, interquartile range 69-82), and the mean follow-up duration was 10.8AE7.8 months. Although there were numerical differences between dabigatran users and rivaroxaban users with respect to the distributions of sex, prior ischemic stroke, history of congestive heart failure, history of depression, previous warfarin exposure, clopidogrel, dronedarone, loop diuretics, spironolactone, proton-pump inhibitors, H 2 -blockers, nonsteroidal anti-inflammatory drugs, and the CHADS 2 score, the 2 study groups had no statistically significant difference evaluated by the standardized differences except more prior ischemic strokes in dabigatran users (Table 1) . 
Primary Analysis
Among the overall population, the incidence rates of all-cause death were 3.59/100 person-years in dabigatran users and 5.73/100 person-years in rivaroxaban users (Tables 2 and 3 ). These figures did not change substantially after application of the PS-matching procedure (3.86/100 person-years in dabigatran users and 5.72/100 person-years in rivaroxaban users among the PS-matched population). Among the PS-matched population, the risk of all-cause death in rivaroxaban users was higher than that in dabigatran users (HR 1.44, 95%CI 1.17-1.78). Rivaroxaban users also possessed a higher risk of gastrointestinal hemorrhage needing transfusion than dabigatran users (1.62/100 person-years in dabigatran users and 2.38/100 person-years in rivaroxaban users, HR 1.41, 95%CI 1.02-1.95). The risks of ischemic stroke, acute myocardial infarction, arterial embolism/thrombosis, and intracranial hemorrhage were similar between the 2 study groups among the PS-matched population ( Table 3 ). The cumulative incidences for various clinical outcomes are depicted in Figure 3 .
Secondary Analysis
Among the overall population, the risk of all-cause death in rivaroxaban users remained significantly higher than that in dabigatran users (HR 1.47, 95%CI 1.23-1.75) with adjustment of the quintiles of the PS. Also, we found no difference in the risks of ischemic stroke, acute myocardial infarction, arterial embolism/thrombosis, and intracranial hemorrhage between the 2 study groups. In contrast with the primary analysis, the difference in risk of gastrointestinal hemorrhage needing transfusion between the 2 study groups diminished (HR 1.20, 95%CI 0.92-1.56) in the secondary analysis (Table 3) .
Subgroup Analyses
The main findings did not change substantially in the subgroup analysis concerning previous experience of warfarin (Figure 4 ). In the subgroup analysis stratified by different CHA 2 DS 2 -VASc score (<3/≥3), the only significant interaction found was for the risk of acute myocardial infarction ( Figure 5 ). 
Discussion
Through the nationwide insurance claims database in Taiwan, we collected clinical data from more than 15 000 ethnic Chinese patients with incident usage of dabigatran and rivaroxaban for AF. We found that rivaroxaban users were associated with a significantly higher risk of all-cause death than dabigatran users. The risk of gastrointestinal hemorrhage needing transfusion was moderately higher in rivaroxaban users compared with dabigatran users. The 2 study medications had similar risks of ischemic stroke, acute myocardial infarction, arterial embolism/thrombosis, and intracranial hemorrhage. Dabigatran is a direct thrombin inhibitor. In the Randomized Evaluation of Long-Term Anticoagulation Therapy study, 18 113 AF patients with a mean age of 71 years and a CHADS 2 score of 2.1 were randomly assigned to receive dabigatran or warfarin therapy. After a median follow-up of 2.0 years, the relative risk of stroke/systemic embolism was reduced by 34% in the dabigatran 150-mg group in comparison with the warfarin group. The relative risk of hemorrhagic stroke was reduced by 69% in the dabigatran 110-mg group and 74% in the dabigatran 150-mg group. 4 Rivaroxaban is a direct factor Xa inhibitor. The Rivaroxaban Once Daily Oral Direct Factor Xa Inhibition Compared with Vitamin K Antagonism for Prevention of Stroke and Embolism Trial in Atrial Fibrillation (ROCKET-AF) enrolled 14 264 patients with nonvalvular AF. The median age was 73 years, and mean CHADS 2 score was 3.5. After a median follow-up period of 707 days, rivaroxaban was shown to be not inferior to warfarin concerning prevention of stroke or systemic embolism but to have a reduced risk of intracranial hemorrhage than the warfarin group. 5 Lip and colleagues have conducted an indirect comparison between dabigatran and rivaroxaban using data from the Randomized Evaluation of Long-Term Anticoagulation Therapy study and the ROCKET-AF. They found that dabigatran 150 mg was associated with a significantly lower risk of stroke and systemic embolism compared with rivaroxaban, as well as less hemorrhagic stroke. However, both 110-and 150-mg doses of dabigatran were associated with an increase in the risk of myocardial infarction compared to rivaroxaban. 22 Another indirect comparison study extracting patients with a CHADS 2 score ≥3 from the Randomized Evaluation of LongTerm Anticoagulation Therapy study and the ROCKET-AF showed that dabigatran 150 mg and rivaroxaban 20 mg resulted in statistically similar rates of stroke and systemic In accordance with privacy regulations in Taiwan, the exact number of patients is not specified if it is less than 3. Figure 2 . Estimated density of the propensity scores concerning the probability of receiving rivaroxaban among new users of dabigatran and rivaroxaban.
embolism. 21 Although our subgroup analysis suggested heterogeneity concerning risk of acute myocardial infarction between the dabigatran group and the rivaroxaban group among patients with different CHA 2 DS 2 -VASc scores, the results should be interpreted with caution. Because of the small number of events in patients with low CHA 2 DS 2 -VASc scores and a wide confidence interval of the HR, the results could just be a play of chance.
A new-user cohort study from Danish registries with a median follow-up time of 1.08 years found that the stroke rate was similar between the rivaroxaban group and the dabigatran group. Nevertheless, the rivaroxaban 15-mg group (N=776) was associated with a significantly higher risk of allcause death (HR 1.43, 95%CI 1.13-1.81) and an insignificant trend toward higher bleeding rate (HR 1.28, 95%CI 0.82-2.01) in comparison with the dabigatran 110-mg group (N=3588). 23 Our findings complemented the Danish study through a much larger Asian population and illustrated for the first time that the difference in death rate between dabigatran and rivaroxaban was similar across patients with different experience of warfarin exposure and patients with different CHA 2 DS 2 -VASc scores (<3/≥3). Adequately powered, randomized, controlled trials are necessary to provide conclusive results regarding the difference in clinical safety between dabigatran and rivaroxaban. Besides, further research is also needed to clarify whether these findings represent a class effect between a direct thrombin inhibitor and a direct factor Xa inhibitor or not.
Graham and colleagues enrolled 118 891 patients with nonvalvular AF from the US fee-for-service Medicare system to conduct a retrospective new-user cohort study. Their data showed that treatment with rivaroxaban 20 mg once daily was associated with statistically significant increases in intracranial hemorrhage and major extracranial bleeding, including major gastrointestinal bleeding, compared with dabigatran 150 mg twice daily. 24 Chan and colleagues collected 3425 patients with low-dose rivaroxaban (10-15 mg once daily) and 5301 patients with low-dose dabigatran (110 mg twice daily) from the Taiwan NHI Research Database. They found that rivaroxaban carried a significantly higher risk for hospitalization for gastrointestinal bleeding than dabigatran, but the difference vanished with ontreatment analysis. 25 In our study, rivaroxaban users were associated with a higher risk of gastrointestinal hemorrhage needing transfusion than dabigatran users in the primary analysis, but this difference diminished in the secondary analysis. Our results were derived from a more clinically relevant context in contrast with the very short duration of follow-up in these 2 studies (mean duration of follow-up 108-111 days in the US study 24 and only using database from February 1, 2013 to December 31, 2013 in the Taiwan study 25 ).
Study Limitations
Several limitations of our study have to be acknowledged. First, most of our study subjects received relatively lower dosages of anticoagulants, such as 110 mg of dabigatran and 15 mg of rivaroxaban. Therefore, different dosages of individual drugs could not be analyzed separately due to inadequate sample size. In the J-ROCKET AF study conducted in Japan, 15 mg once-daily rivaroxaban (10 mg daily in patients with a creatinine clearance of 30-49 mL/min) was shown to be not inferior to warfarin in patients with nonvalvular AF. 26 The relatively lower dosage of NOACs used in Taiwanese reflects the impact of the J-ROCKET AF study on Asian populations. Second, this study was a retrospective design with data derived from insurance claims data; thus, certain essential laboratory data such as prothrombin time, international normalized ratio, and creatinine clearance could not be obtained from the database, and there was a concern about lack of standardized data collection during construction of the database. Third, the HAS-BLED score (hypertension, abnormal renal/liver function, stroke, bleeding history of predisposition, labile international normalized ratio, elderly >65 years, and drugs/alcohol taken concomitantly) can provide a practical tool to assess the bleeding risk in patients with AF. 27 Because labile international normalized ratio and alcohol use could not be obtained from the NHI claims database, we did not calculate the the full HAS-BLED score but included all of its other components (hypertension, renal failure/liver disease, prior ischemic stroke, intracranial hemorrhage, peptic ulcer, age, and exposures to major drugs) into our list of potential confounders during construction of the PS. Fourth, we evaluated baseline characteristics of study subjects within the 6-month period prior to the index date. Misclassification of baseline characteristics such as previous experience of warfarin exposure could not be ruled out. Fifth, because this study was derived from an Asian population, we recommend caution in extrapolating these findings to Western populations. Finally, apixaban was not reimbursed by the Taiwan NHI program until June 1, 2014 and was not included in this study owing to inadequate sample size and short follow-up duration.
Conclusions
Based on a large Asian population, our study illustrated that rivaroxaban therapy was associated with a statistically significant increase in all-cause death compared with dabigatran therapy among patients with AF. We also found a modest increase in gastrointestinal hemorrhage needing transfusion in patients receiving rivaroxaban. No statistically significant difference could be found in the risks of ischemic stroke, acute myocardial infarction, arterial embolism/thrombosis, and intracranial hemorrhage between dabigatran and rivaroxaban groups. These findings need to be confirmed by clinical trials. 
